WHAT IS CLAIMED IS: 

r 

1. A spin-valve type thin film magnetic element 
comprising: a laminate comprising an antif erromagnetic layer, 
a pinned magnetic layer in contact with an antif erromagnetic 
layer in which the magnetization direction of the pinned 
magnetic layer is fixed by an exchange anisotropic magnetic 
field with the antif erromagnetic layer, and a non-magnetic 
conductive layer f ormed\between the pinned magnetic layer 
and a free magnetic layer; bias layers for aligning the 
magnetization direction of the free magnetic layer in the 
direction substantially perpendicular to the magnetization 
direction of the pinned magnetic layer; ferromagnetic layers 
formed in contact with the\bias layers; and conductive 
layers for applying a sensing current to the free magnetic 
layers , \ 

wherein each of the ferromagnetic layers is divided 
into two sub-layers separated\by a non-magnetic intermediate 
layer, the sub-layers being in\ a f errimagnetic state in 
which the magnetization direction of one sub-layer is 180 
degrees different from the magnetization direction of the 
other sub- layer. \ 

2. A spin-valve type thin fAlm magnetic element 
according to Claim 1, wherein ferromagnetic layers are 
disposed on the free magnetic layer\with a distance 
corresponding to a track width, the pias layers being 
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provided on the ferromagnetic layers and the conductive 
layers being provided on the bias layers . 

3. A spin-jvalve\type thin film magnetic element 
according to Claim 1, Mierein the bias layers are provided 
at both sides in the track width direction of the laminate, 
the ferromagnetic layers Vbeing provided on the bias layers 
and the conductive layers Vbeing provided on the 
ferromagnetic layers. \ 

4. A spin-valve type tnin film magnetic element 
according to Claim 1, whereimat least one of the pinned 
magnetic layer and free magnetic layer is divided into two 
sub-layers separated by the nora-magnetic intermediate layer 
the sub- layers being in a f errinmgnetic state in which the 
magnetization direction of one sub-layer is 180 degrees 
different from the magnetization direction of the other sub 
layer . \ 

5. A spin-valve type thin f ilm Wagnetic element 
according to Claim 1, wherein the ferromagnetic layer 
comprises at least one element selecten from the group 
consisting of Ni, Fe and Co. \ 

6. A spin-valve type thin film magnetic element 
according to Claim 1, wherein the bias layers comprise an 
alloy containing at least one element selected from the 
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group consisting of Pt, Pd, Rh, Fe f Ru, Ir, Os, Au, Ag, Cr, 
Ni, Ne, Ar, Xe and Kn, and Mn. 

7. A spin-valve uype thin film magnetic element 
according to Claim 1, wherein the bias layers comprise at 
least one material seleated from the group consisting of NiO 
a-Fe 2 0 3 and CoO. \ 

8. A spin-valve type\thin film magnetic element 
according to Claim 1, whereVn the antif erromagnetic layer 
comprises an alloy containing at least one element selected 
from the group of Pt, Pd, Rh ,\ Fe , Ru, Ir, Os , Au, Ag, Cr, Ni 
Ne, Ar, Xe and Kr, and Mn. \ 

9. A spin-valve type thin tilm magnetic element 
according to Claim 1, wherein the bias layers comprise an 
antif erromagnetic material, \ 

10. A spin-valve type thin film magnetic element 
according to Claim 9, wherein the antif erromagnetic material 
has a lower heat treatment temperature than that of the 
antif erromagnetic layer. \ 

11. A spin-valve type thin film magnetic element 
according to Claim 1 , wherein the free magnetic layer 
comprises a first free magnetic layer and a second free 
magnetic layer which are separated by a non-magnetic 



- 117 - 



# m 

intermediate layer! the first free magnetic layer and the 
second free magnetic layer are in a f errimagnetic state in 
which the magnetizattlon direction of the first free magnetic 
layer is 180 degrees \different from the magnetization 
direction of the second free magnetic layer, at least one of 
the first free magnetic layer and the second free magnetic 
layer comprise a CoFeNiA alloy , and the non-magnetic 
intermediate layer comprises Ru. 

12. A spin-valve type thin film magnetic element 
according to Claim 11, whenein the first free magnetic layer 
is disposed between the non^ a 9 net ic conductive layer and 
the non-magnetic intermediate layer, and the first free 
magnetic layer comprises the GoFeNi alloy. 

13. A spin-valve type thint f ilm magnetic element 
according to Claim 11, wherein both the first free magnetic 
layer and the second free magnetajb layer comprise the CoFeNi 
alloy. \ 

14. A spin-valve type thin film magnetic element 
according to Claim 11, wherein the CoFeNi alloy comprises 9 
to 17 atomic percent Fe, 0-5 to 10 atomic percent Ni, and 
the balance being Co . \ 

15. A spin-valve type thin film magnetic element 
according to Claim 1 , wherein the free magnetic layer 
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comprises a first free magnetic layer and a second free 
magnetic layer which are \separated by a non-magnetic 
intermediate layer, the first free magnetic layer and the 
second free magnetic layer\ are in a f errimagnetic state in 
which the magnetization direction of the first free magnetic 
layer is 180 degrees different from the magnetization 
direction of the second free\ magnetic layer, the first free 
magnetic layer is disposed between the non-magnetic 
conductive layer and the non -magnetic intermediate layer, 
the first free magnetic layer qpmprises a laminate of a CoFe 
alloy film and a CoFeNi alloy fiu.m, and the CoFe alloy film 
is formed at the non-magnetic conductive layer side. 

16. A spin-valve type thin fivLm magnetic element 
according to Claim 15, wherein the second free magnetic 
layer comprises the CoFeNi alloy. \ 

17. A spin-valve type thin film magnetic element 
according to Claim 15, wherein the CoFeNi alloy film 
comprises 9 to 17 atomic percent Fe, 0.4 to 10 atomic 
percent Ni, and the balance being Co. \ 

18. A spin-valve type thin film magnetic element 
according to Claim 1, wherein the ferromagnetic layer 
comprises a first ferromagnetic layer and alsecond 
ferromagnetic layer which are separated by a\ non-magnetic 
intermediate layer, the first ferromagnetic layer and the 
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second ferromagnetic layer lare in a f errimagnetic state in 
which the magnetization direction of the first ferromagnetic 
layer is 180 degrees different from the magnetization 
direction of the second ferromagnetic layer, at least one of 
the first ferromagnetic layer and the second ferromagnetic 
layer comprise a CoFeNi alloy, land the non-magnetic 
intermediate layer comprises RuA 

19. A spin-valve type thin fVlm magnetic element 
according to Claim 18, wherein botll the first ferromagnetic 
layer and the second ferromagnetic J>ayer comprise the CoFeNi 
alloy. \ 
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